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METHOD TO USE SUPERANTIGENS TO 
TARGET SUBPOPULATIONS OF T CELLS 

FTKT.nOFTNVENrnON 
5 This invention relates to the field of inununology. Specifically, this 

invention relates to the use of superantigens to specifically target pathogenic 
subsets of T cells for subsequent inactivation or deletion by an additional agent or 
agents. This application, thus, describes a method for treating diseases mediated 
by T cells having a limited Vp profile by inactivating or deleting certain Vp 
10 defined subpopulations of T cells which comprise the pathogenic T cells. 

RACKGROT JND OF THE TNVENTION 

The vertebrate immune system evolved to provide specific protection 
fiom infection by foreign micro- and macroorganisms. The immune system 

15 responds to antigens in one of two ways: (1) hiraioral antibody responses, 
mediated througji B lymphocytes, or B cells, and (2) cell-mediated immune 
responses, mediated through T lymphocytes, or T cells. The B cell response results 
in the production of antibodies that circulate in the bloodstream and bind 
specifically to the foreign antigen that induced them. The binding of the antibody 

20 to the antigen either directly inactivates the antigen, marks it for ingestion by 
phagocytic cells or marks it for destruction by cytotoxic cells. It is now known that 
for most antigens the production of antibodies by B cells requires T cell help. The 
T cell response results in the activation and proliferation of antigoi-specificT cells 
that, in addition to helpmg B cells, react directly with foreign antigens on the 

25 surfece of host cells, either killing the host cell if the antigen is an infecting virus 
or inducing other host cells, such as macrophages, to destroy the antigen (Nossal 
(1993) Sci. Amer. 269:52; Janeway (1993) Sci. Amer. 269:72; Maiiack and 
Kappler (1993) Sci. Amer. 269:80). 

This invention is concerned primarily with T cell immimity. In 

30 particular, this application describes a method for dealing with T cell responses 
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which have gone awry resulting in, for example, autoimmune diseases. The attack 
by the immune system on host cells can result in a large number of disorders, 
including neural diseases such as multiple sclerosis and myasthenia gravis, diseases 
of the joints such as rheimiatoid arthritis, attacks on nucleic acids as observed with 
5 systemic lupus erythematosus, and diseases associated with various organs such as 
psoriasis, juvenile onset diabetes, Sjogren's disease and thyroid disease. 

T cells have antigen-specific receptors on their surfaces, termed T 
cell antigen receptors (TCR). Before T cells can recognize protein antigens, the 
antigens must be presented on the surface of antigen-presenting cells, after 

10 macrophages or other antigen presenting cells have first processed the antigens. 
These cells essentially ingest antigens and degrade them into peptides which are 
displayed at the cell sur&ce in combination with major histocompatibility coiiq>lex 
(MHC) molecules (Shimonkevitz et al (1983) J. E>q). Med. 158:303; Babbit et al 
(1985) Nature 317:359). 

15 The major histocompatibility antigens are a femily of molecules 

encoded for by a related group of genes encoded within the major 
histocompatibility complex. MHC antigens are e?q)ressed on the cells of all higjier 
vertebrates. In man they are called HLA antigens (human-leukocyte-associated 
antigens) because they were first demonstrated on leukocytes. There are two 

20 principal classes of MHC molecules, class I and class n, each comprising a set of 
cell-sur&ce glycoproteins. The two classes of MHC antigens stimulate different 
subpopulations of T cells. MHC class n molecules are involved in most responses 
to extracellular pathogens, while MHC class I molecules axe involved when Ae 
pathogen is cell-associated, i.e., ^en a virus or a malignant cell is involved. Wh^ 

25 MHC class I is involved, antibody stimulation does not result; rather, the 
interaction of MHC class I processed antigen and T-cell leads to Lysis of cells 
infected with the pathogen. 
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Processed antigen pq)tide fits in a cleft on an MHC molecule 
(Bjorianan et al (1987) Nature 329:506). Once an antigen is displayed, the few T 
cells in the body that bear receptors for that particular peptide bind that complex. 
Most T cells recognize antigens on the surfece of cells only in association with self- 
5 MHC glycoproteins e3q)ressed on the cell sur&ce. 

The ability of the T cell to bind to the processed antigen and MHC 
complex is dependent on the T cell receptor (TCR). The TCR consists of two 
protein chains, usually a and p chains. Bach chain is composed of a constant and 
a variable domam. The variable domains are encoded in two (a) or three (p) 

10 dififcrent gene segments (variable (V), diversity (D), jommg (J)) (Siu et al (1984) 
CeU 37:393; Yanagi et al (1985) Proc. Natl. Acad. Sci. USA 82:3430). In each T 
cell, the combination of V, D and J domains of both the a and p chains participates 
in antigen recognition in a manner which is uniquely characteristic of that T cell 
and defines a unique binding site. {See^ Marrack et al (1988) Immunol. Today 

15 9:308;Toyonagae/a/. (1987) Ann. Rev. Immunol. 5:585; Kronenberg (1985) Ann. 
Rev. Immunol. 4:529; Hedrick et al (1982) Cell 30:141). Generally, both the a 
and p chains are involved in recognition of the ligand fonned by processed antigen 
and MHC. 

When T cells are stimulated by an antigen, they divide and 
20 differentiate into activated effector cells that are responsible for various cell- 
mediated immune reactions. At least three different reactions are carried out by T 
cells: (1) cytolytic T cells specifically kill foreign orvirus-infected vertebrate cells; 
(2) helper T cells help B lymphocytes; and (3) siqjpressor T cells si^press the 
responses of specific cells. 
25 It has been shown that a novel class of antigens, termed 

"superantigens" (SAg), are able to directly stimulate T cells by bindmg to a 
particular subset of Vp elements. That is, the variable domain of the p chain of the 
TCR alone determines \^ether or not a particular superantigen will stimulate a 
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particular T cell (Kappler et al (1987) Cell 49:263; Kappler et al (1987) Cell 
49:273; MacDonald et al (1988) Nature 332:40; Pullen et al (1988) Nature 
335:796; Kappler et al (1988) Nature 332:35; Abe et al (1988) J. Immunol. 
140:4132; White et al (1989) Cell 56:27; Janeway et al (1989) ImmimoL Rev. 
5 107:61; Bekoff €f a/. (1988) J. Immunol. 139:3189; Kappler etal (1989) Science 
244:811). Unlike recognition of conventional peptide antigens, the other 
components of the T cell receptor (i.e,. Dp, Jp, Va, Ja) appear to play little role in 
the supcrantigen binding. Since the relative number of Vp genes is limited, many 
T cells within an individual will bear a particular Vp element, and a given 

10 superantigai is therefore capable of interacting with a large fraction of the total T 
cell repertoire. Thus, depending upon the frequency of the responding Vp 
population or populations, 5-30 % of tiie entire T cell repertoire could be stunulated 
by a superantigen; whereas the responding firequ^cy to a conventional antigen is 
usually much less than 1 in 1,000, or less than 0.1 %. Althougji superantigens 

1 5 interact with class II MHC molecules, they appear to act as intact proteins rather 
than as peptides. That is, they do not require processing for stimulation and they 
bind outside the conventional peptide bmding groove (Jardetzky et al (1994) 
Nature 368:71 l;Seth era/. (1994) Nature 369:324). They appear to interact with 
amino acid residues that are on the outer walls of the binding cleft Known 

20 superantigens and references to their sequences and structures are listed in Table 
I. 

Two distinct classes of superantigens have been described. The first 
was noted over 20 years ago, when Festenstein showed mariced responses in mixed 
lymphocyte reactions between certain MHC identical strains. The stimulating 
25 antigens were called minor lymphocyte stimulating (Mis) antigens (Festenstein 
(1973) Transplant Rev. 15:62) to differentiate them fix)m MHC antigens. At that 
time, their superantigen character was not known. It is now known that these 
superantigens are encoded by endogenous retroviral genes (Palmer (1991) Curr. 
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Bio. 1:74). The presence of these genes in the mouse leads to a marked deletion 
of responding T cells, creating potoitially large holes in the animal's T cell receptor 
repertoire (Pullen et al (1988) siq>ra). The second class of superantigen is 
represented by a growing list of bacterial and viral proteins, capable of producing 
5 a variety of pathological effects after injection (Marrack and Kapler (1990) 
Science 248:705). 

Staphylococcus aureus (S. aureus), a conmion human pathogen, 
produces several enterotoxins, designated as SEA (Staphylococcal enterotoxin A) 
through SEE (Staphylococcal enterotoxin E), which can be responsible for food 

10 poisoning and occasionally shock in humans (Marrack & Kappler (1990) supra\ 
Bohach et al (1990) Crit. Rev. Microbio. 117:25 1). Some S. aureus isolates also 
produce toxic shock syndrome toxin- 1 (TSST-1), which has beai implicated in the 
majority of cases of human toxic shock syndrome, as well as the related exfoliative 
toxin (ExT), which is associated with the scalded skin syndrome. Streptococcus 

1 5 pyrogenes, or group A streptococcus, another conmion human pathog^ of the skin 
and pharynx, also produces toxins with superantigenic properties (Abe etal. (1991) 
J. Immun. 146:3747). These toxins have been designated Streptococcal 
erythrogenic toxins A-C (SPEA-C). 

The amino acid sequences of the S. aureus toxins exhibit some 

20 homology, but also exhibit marked differences (See, Betley et al (1988) J. 
Bacteriol. 170:34; Jones et al. (1986) J. Bacteriol. 166:29; Couch etal. (1988) J. 
Bacteriol. 170:2954; Blomster-Hautamaa e/ a/. (1986) J. Biol. Chem. 261:15783). 
S, aureus toxins have the ability to stimulate powerful T cell proliferation 
responses in the presence of mouse cells bearing MHC class U type molecules 

25 (White et al. (1989) supra). The S. aureus proteins selectively stimulate murine 
and himian T cells bearing particular Vp elements. 

The binding of toxins to class n MHC molecules is usually required 
for T cell recognition. However, the process is much more permissive for 
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superantigens than that seen with conventional antigens. While peptide antigens 
are very dependent on allelic MHC residues for binding, svqjerantigens bind to a 
wide variety of allelic and isotypic forms of MHC class n molecules (See, 
Hemnann et al (1989) Eur. J. Immunol. 19:2171; Herman et al (1990) J. Exp. 
5 Med. 172:709; SchoU et al (1990) J. Immunol. 144:226; Moliick et al (1991) J. 
Immunol. 146:463). Whereas T cells rarely recognize peptide antigens bound to 
self-MHC molecules, individual T cell clones can respond to toxins bound not only 
to various allelic forms of MHC but also to different class U isotypes and even 
xenogeneic class n molecules. Observations such as these reinforce the concept 

1 0 that superantigens bind at a relatively conserved site outside the allelically variable 
groove where conventional peptide antigens bind. 

Superantigens may contribute to autoimmune diseases in which 
components of the immune system attack normal tissue. The process of deletion 
of T cells responsive to self, potentially harmful self-reactive T cells, is called 

15 tolerance or negative selection (Kappler et al (1 987) siq}ra\ Kappler et al (1 988) 
supra\ Von Boehmer et al (1988) Immunol. Rev. 101:21). The immime system 
usually deletes self-reactive T cells, with good, but not complete efEciency, thus, 
some self-reactive cells appear to escape the surveillance mechanism. It is possible 
that the ability of superantigens to arouse 20 percent of a person's T cell repertohre 

20 leads to undesirable replication of the few circulating T cells that are enable of 
recognizing self (Kotzin et al (1993) Adv. Inununol. 54:99). T cells bearing 
certain Vp types have been implicated in various autoimmime conditions, such as 
arthritis and multiple sclerosis. These destructive celb might have be^ initiaUy 
activated by a superantigen that binds to the identified Vp types (Kotzin et al 

25 (1 993) supra), leading to disease. 

Several Imes of evidence suggest that T cells specific for self- 
antigens play a critical role in the initiation of autoimmune diseases. In &e case 
of rh^miatoid arthritis, the Imkage of the disease to the DR4 and DRl alleles of the 
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class n genes of MHC, and the finding of oligoclonal activated CD4* T cells in 
synovial fluid and tissue of affected joints (Stastny et al (1976) Engl. J. Med. 
298:869; Gibofeky et al (1978) J. Esq). Med. 148:1728; McMichaei et al (1977) 
Arth. Rheum. 20:1037; Schiff al (1982) Ann. Rheum. Dis. 41:403; Ehiquestoy 
5 et al (1984) Hum. Immunol. 10:165; Legrand et al (1984) Am. J. Hum. Genet 
36:690; Gregersee/fltiL (1987) Arth. Rheum. 32:15; Burmester^r a/. (1981) Artfa. 
Rheum. 24:1370; Fox et al (1982) J. Immunol. 128:351; Hemler et al (1986) J. 
Clin. Invest 78:696; Stamenkoic et al (1988) Proc. Natl. Acad. Sci. USA 85: 1 179; 
PaUard et al (1991) Science 253:325) suggest the involvement of CD4^ a/p TCR- 

10 bearing, class Il-restricted T cells in the disease. This view is supported by the 
finding that partial elimination or inhibition of T cells by a variety of techniques 
can lead to an amelioration of disease in certain patients (Paulus et al (1977) Arth. 
Rheum. 20:1249; Karsh et al (1979) Artii. Rheum. 22:1055; Kotzdn et al (1989) 
N. Eng. J. Med. 305:976; Herzog et al (1987) Lancet ii: 1461 ; Yocum et al. (1989) 

15 Ann. Int Med. 109:863). 

Although the mechanism underlying the association of particular 
MHC alleles with autoimmune disease is not yet fiiUy undastood, it has been well 
demonstrated that CD4^ T cells recognize a complex consisting of an MHC class 
n molecule and a bound protein fragment (peptide) of about 15 amino acids. It is 

20 commonly accepted that the ability of a particular MHC molecule to bind particular 
peptides underlies its association with an increased or decreased propensity for 
disease. Current therapy for most autoimmune diseases consists of non-specific 
inunune suppression (by the administration ot e.g., cyclosporin, steroids) or of 
non-specific elunination of rapidly dividing cells (by the administration ot e.g., 

25 Cytoxan, methotrexate). In botii cases, treatment is limited by tiie deleterious effect 
of immune suppression or toxicity to non-immune cells such as myeloid and 
epithelial cells. 
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In treating autoimmune diseases, it is preferable to liminate only 
those T cells that cause or perpetuate the disease; thus, leaving the immune system 
intact and non-immune cells unaffected. T cells responsible for disease dlfiTer from 
beneficial T cells by their TCR. The initial problem then, is to identify those T 
5 cells bearing aberrant or pathogoucT cell receptors. Assuming all recq>tors have 
an equal likelihood of causing disease, identifying those responsible is a formidable 
task. However, MHC associations with particular diseases suggest that the actual 
mmiber of pathogenic TCRs may be small. Hie most straight forward model for 
this association is that the implicated MHC molecule binds one of a few peptides 

10 derived from newly available self or foreign antigens and that this MHC-peptide 
complex stimulates T cells that either react or cross-react with self-proteins and 
cause disease. It is unlikely that a large number of peptides would bind exclusively 
to a single MHC molecule. Indeed if this were the case, one would not expect to 
see any MHC association with a particular disease. When the T cell response of 

15 inbred mice to a specific peptide presented by a particular MHC molecule is 
studied, the general finding is that only a few TCRs are involved and those 
involved share e?q)ression of one or a few Va and/or Vp gene segments (Winoto 
et al. (1986) Nature 324:679). In mice, where this phenomenon has been more 
extensively studied (e.g., EAE, collagen arthritic), the responsible T cells egress 

20 a very limited T cell receptor repertoire. (Acha-Oibca et al. (1988) Cell 54a:263; 
Urban et al (1988) CeU 54: 577; Chluba et al (1989) Eur. J. Immunol. 19:279; 
Osman et al (1993) J. Exp. Med. 177:387). In these cases the limited repertoire 
results from T cell recognition of only one or a few peptides derived fix>m the 
incitatory antigen (e.g., MBP or collagen). 

25 As previously discussed, SAgs were first discovered by their ability 

to cause deletion of T cells e?q>ressing particular Vps. Subsequently, many 
investigators have deliberately employed SAgs in order to cause deletion or non- 
responsiveness of Vp subsets of T cells (F^ammaisee etal (1989) Nature 339:541; 
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Webb et al (1990) CeU 63:1249; Blackman et al. (1990) Nature 345:540; Jones et 
al (1990) Science 250:1726; Danecker et al (1991) J. Immunol. 146:2083; 
Ignatowicz et al (1992) J. Exp. Med. 175:917; Kawabe and Ochi (1990) J. Exp. 
Med. 172:1065; Kawabe and Ochi (1991) Natiire*349:245; Rellahan et al (1990) 
5 J. Exp. Med. 172:1091; MacDonald et al (1991) Eur. J. Inmiunol. 21:1963; 
McConnick et al (1993) J. Immunol. 150:3785; Ochi et al (1993) Semin. 
Immunol, 5:57). Generally, a stimulatory phase precedes the deletion/non- 
responsiveness induced by superantigens. During the stimulatory phase, in 
addition to T cell proliferation, a large quantity of cytokines is released. Since 

10 superantigens stimulate a larger portion of the total T cell population than do 
conventional antigens, such as viruses or bacteria, cytokines are released in 
quantities that can be toxic rather than beneficial. Toxic Shock Syndrome is an 
example of such toxicity (BergdoU et al (1981) Lancet i:1017; Schlievert et al 
(1981) J. Infec. Dis. 143:509; Todd (1988) Clin. Microbiol. Rev. 1:432; Chesney 

15 (1989) Rev. hifec. Dis. 11:S1; Bohach etal (1990) Ciit Rev. Microbiol. 17:251). 

U.S. Patent 5,336,598, entitled: Method for Diagnosing a 
Svperantigen caused pathological condition via assay of T cells and U.S. Patent 
5,298,396 entitled: Method for Identifying T Cell Involved in Autoimmune Disease^ 
hereby specifically incorporated by reference, describe methods in which the 

20 identification of Vp element levels and characterization of V^-specific T cell 
populations are indicative of superantigen-mediated pathological conditions. 
Previous approaches to achieve SAg mediated deletion of T cells while avoiding 
toxic side efifects have included manipulations of SAg dose. U.S. Patent 
Application Serial No. 08/045,494, filed April 8, 1993, entitled: Method of 

25 Treatment of Disease by Deletion of T Cells, hereby specifically incorporated by 
reference, describes a method of treating siqperantigen-mediated diseases using 
repeated administration of low dose SAg. 
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Non-SAg mediated approaches deleting pathogenic subsets of T cells 
based on Vp e^qnression have also been proposed. For example, European Patent 
Publication 340,109, entitled Anti-T-cell receptor determinants as autoimmtme 
disease treatment, and U.S. Patent No. 4,550,086, issued October 29, 1985 to 
5 Reinherz et al. entitled Monoclonal antibodies that recognize human T cells, 
describe a method of detecting a particular sequence of the variable region gene of 
T cell receptors associated with a particular disease and treating the disease with 
antibodies to that sequence. A method of diagnosing diseases based on die 
presence of T cells with a unique sequence in the Vp region associated with a 
10 specific disease, a method for detecting specific Vp regions associated with 
rheumatoid arthritis (RA), specifically, Vp3, Vp9 and Vp 10 and a method for the 
treatment of RA with monoclonal antibodies which recognize Vp3, Vp9 and Vp 10 
have been described as well (U.S. Patent 4,886,743; PCX Patent application 
publication WO 90/06758). 
15 One application for the present invention involves a treatment for 

rheumatoid arthritis. Although the specific findings vary, as discussed above, 
several investigators report oligoclonal expansions of T cells in patients with 
rheimfiatoid arthritis. In particular, a number of investigators implicate T cells 
expressing TCRs comprised of one or more of the Vps targeted by the superantigen 
SEB-namely Vps 3, 12, 14. 15 and 17 (Williams et a/.(1992) J. Clin. Invest 
90(2):326; Williams etal. (1993) DNA Cell Biol. 12(5):425; Paliard etai (1991) 
Science 253:325; Howell et al (1991) PNAS 88:10921; Uematsu et al (1991) 
PNAS 88:8534; Maruyama et al (1993) Eur. J. tamunol. 23(9):2059; Jenkins et 
al (1992) J. Clin. Invest. 92(6):2688; Pluschke et al, (1993) ImmunobioL 188(4- 
5):330). Thus, reducing the responsiveness of or deleting T cells e?q}ressing the 
Vps targeted by SEE may be therapeutic in Rheumatoid Arthritis. 
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st;mmary of inventio n 

This invention is based n a novel concept for the treatment of 
subject animals having certain diseases. The present invention is defined by the 
administration of a superantigen or superantigen derivative to mark certain T cell 
5 subpopulations based on their TCR Vp e7q}ression for subsequent inacttvation or 
deletion by an additional agent or agents. 

The present invention is applicable to any disease caused by 
subpopulations of T cells, said subpopulations defined by the Vp element which 
comprises their antigen receptor (TCR). The present invention is usefiil to treat 
1 0 certain autoimmune diseases, but is not intended to be limited to these diseases. 

In one embodiment of the method of this invention, a superantigen 
or superantigen derivative is administered in order to mark a Vp defined 
subpopulation of T cells that includes pathogenic T cells. As a result of 
superantigen activation via their TCR, the target subpopulation of T cells becomes 
15 phenotypically different from other T cells. As a result of SAg activation, the 
targeted T cells proliferate, produce cytokines, and express or up-regulate certain 
sur&ce proteins. It is possible, then, to exploit these phenotypic changes in order 
to inactivate or delete the marked T cell subpopulation. Furthermore, it is possible 
to kill rapidly proliferating cells by the administration of cytotoxic agents such as 
20 methotrexate. For example, T cells which express Fas become susceptible to 
killing by Fas ligand. 

The activation of certain Vp subpopulations of T cells may result in 
release of toxic amount of cytokines. In another embodiment of the present 
invention the administration of an additional agent or agents is contemplated in 
25 order to prevent or ameliorate cytokine release. 

Other features and advantages of the present invention will become 
apparent from the followmg detailed description, taken in conjunction with the 
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accompanying figures, that illustrate by way of example, the principles of the 
instant invention. 

BRIEF DESCRIPTION OF THE FIGURES 
5 Figure 1 shows tritiated tiiymidine incorporation by human peripheral 

blood lymphocytes (hPBLs) stimulated with toxins. 

Figure 2 shows li^t scatter patterns of hPBLs with and without SEB 

stimulation. 

Figure 3 shows an analysis of TCR ejqjression m resting T cells 
1 0 versus proliferating T cells. 

Figure 4 shows the ceil viability and Vp3 TCR e7q)ression over time, 

in culture. 

Figure 5 shows the effect of methotrexate on SEB induced T cell 

blasts. 

15 Figure 6 shows the deletion of Vp3, 12 and 17 T cells by treatment 

with SEB and Methotrexate (MTX). 

Figure 7 shows the dose of methotrexate required to prevent SEB 
induced T cell blasts. 

Figure 8 shows the deletion of Vp2 T cells by TSST-1 + 
20 methotrexate/dexamethasone. 

Figure 9 shows the prevention of IL-2 and TNFa production in 
response to SEB by pre-administration of dexamethasone (DEX). 

Figure 10 shows the ability of dexamdfaasone to prevent superantigen 
induced toxicity in mice. 
25 Figure 1 1 shows a primate system to study SEB mediated T cell 

deletion. 
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nFTAn.FD DRSCRIPTIQN OF PREFERRED EMBODIMENTS 

It is to be understood that bo& Ae foregoing general description and 
the following detailed description are exemplary and e^qilanatory only and are not 
restrictive of the invention as claimed. 
5 The present invention describes a mediod for the treatment of certain 

diseases and medical conditions. Medical conditions and diseases that may be 
treated according to the present invention are those that are induced or maintained, 
either in their inception or course of action, by subpopulations of T cells that are 
defined by the Vp element which comprises their T cell antigen receptor (TCR). 

10 It is well know that superantigens react with T cells in a V p specific 

maimer. This is due to the fact that superantigens do not requke processing for 
stimulation and they bind outside the conventional peptide binding groove. That 
is to say, superantigens interact with amino add residues that are on the outer walls 
of the binding cleft but bind to the exterior of the MHC TCR pocket Normal 

1 5 superantigens are capable, therefor, of activating a specific subset of TCRs- This 
feature may be taken advantage of in situations vfhctG the particular subsets of Vps 
that are marked by a superantigen may also be implicated in the causation or 
mediation of a disease or medical condition. 

In the broadest conception of the invention, the present invention 

20 specifies the administration of an agent, preferably a superantigen or superantigen 
derivative, capable of marking certain T cell subpopulations, based upon their TCR 
Vp e^qpression, for subsequent inactivation or deletion by the administration of an 
additional agent or agents. The superantigen or superantigen derivative 
administered acts to "mark" a given subset of Vp containing T cells. Where the 

25 superantigen administered is not a siq^erantigen derivative, the Vps that are marked 
are those that are naturally associated with that superantigen. In such cases, the 
marking is generally the activation oftheT cells that have been targeted. In other 
embodiments of the invention, where the superantigen administered is a 
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superantigen derivative, the TCR Vps that are marked for subsequent inactivation 
or deletion include Vps other than those naturally targeted by tiie unmodified 
superantigen. In addition, the marking of T cell subpopulations does not 
necessarily give rise to the activation of the T cells; marking in some other way 
5 may distinguish or target the selected subset of T cells so that they can be 
selectively inactivated or deleted by the agent or agents co-administered with the 
st^erantigen or superantigen derivative. 

In the most preferred embodiment of the invention, a cytotoxic agent 
is administered along with the superantigen or modified superantigen that will 

10 selectively kill that T cells that have been marked by the superantigen. The 
cytotoxic agent will preferentially kill rapidfy dividing activated T cells. In doing 
so, those selected T cell TCR Vp subsets associated with the disease or medical 
condition are specifically killed, therefor acting as a method for the prevention or 
treatment of the disease or medical condition. 

15 By way of example, the superantigen Staphylococcal enterotoxin B 

(SEB) activates T cells expressing TCRs comprised of Vp 3, 12, 14, 15, 17 and 20. 
As a result of SEB induced activation, T cells expressmg these Vps will begin to 
proliferate and thus become susceptible to killmg by cytotoxic agents. That is to 
say, SEB is used to kill certain T cells by causing them to proliferate in the 

20 presence of, for example, methotrexate. In this and o&er examples of the 
mvention, neither the administration of a toxin nor the administration of a cytotoxic 
agent, in and of themselves, prevents cytokine release. Hence, an additional agent 
is needed to control potential toxicity. In one embodiment of the invention, the 
additional agent is an immunosuppressive agrat, such as a corticosteroid. 

25 Various terms are used m this specification, for vMch it may be 

helpful to have definitions. These are provided herein, and should be borne in 
mind when these terms are used in the followmg examples. 
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A key event in the immune response of an animal is the interaction 
of MHC molecules with antigens to form a complex presented to T cells. 

"Animal" is defined as an organism of the kingdom Animalia, as 
distinguished fix)m plants by certain typical characteristics. In the instant 
5 application, a subject animal is preferably a vertebrate, and more preferably a 
mamina!, in whom it is desirable to modify the responsiveness of certain 
subpopulations of T cells. 

The "antigens" generally recognized by T cells consist not of intact 
proteins but of peptide fi^igments bound to a binding groove in an MHC molecules. 
10 The T cell response to a particular antigen/MHC complex is hi^y specific and 
requires interaction of most or all of the components of both chains of the T cell 
receptor. Thus only a very small number of T cells respond to a given antigen. 

"Superantigen" means a protein which upon bindmg to an MHC 
molecule is capable of interacting with subpopulations of T cells which express 
15 TCRs comprised of particular Vps-all other components of the TCR being 
essentially inconsequential to this interaction. Superantigens, differ firom the 
antigens generally recognized by T cells in two important ways. First the 
superantigen generally binds to the MHC molecule as an intact protein (not as a 
pq)tide) and it binds to a different site than do peptide antigens. Second the T cell 
20 response requires the interaction of only the Vp element of the T cell receptor— all 
other componrats of the TCR being essentially inconsequential. This means that 
the superantigen is able to react with a much larger number of T cells tbm are 
peptide antigens. 

"Superantigen species" includes "siq>erantigens" or "superantigen 

25 derivatives", 

"Superantigen derivative" means a molecule whose structure, at least, 
contains an amino acid sequence substantiaUy idoitical to an amino acid sequence 
presented by a superantigen or portions of a superantigrai required for binding to 
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eitber the MHC or the T cell. It includes both mutated and modified superantigen 
derivatives. 

"Mutated superantigen derivative," or "fragment," is defined as a 
molecule where the actual amino acid sequence of the mutation has been altered 
5 relative to the native form of tiie molecule. The alteration may be a substitution, 
an addition or a deletion. 

"Modified superantigen derivative," or "fragment," is defined as a 
molecule that contains an amino acid sequence identical to an amino acid sequence 
of superantigens, but contains modifications other than mutations not foimd in the 
10 superantigen molecule itself. Examples would include additions of carbohydrate 
or lipid moieties. 

"Cytotoxic agent" means any natural or syntiietic substance having 
the ability to kill cells or having a destructive action ixpon cells, for exaniple, 
methotrexate, etc. It specifically includes substances that have a predilection for 
1 5 activated T cells. Activation of T cells leads to several phenotypic changes \«^ich 
may render them more susceptible to cytotoxic agents. The most obvious examples 
of such phenotypic changes include the state of rapid cell division and the 
expression or up-regulation of surface molecules such as Fas. R^idly dividing 
cells are more susceptible to a number of cytotoxic agents and the expression of 
20 Fas makes the cells susceptible to killing by Fas ligand. 

"Immunosuppressive agent" means any natural or synthetic substance 
having the ability to reduce, for example, the response to autoinunune disease, an 
inmiune response by way of interfering witii lymphocyte growth. In general, 
immunosuppressive agents can include antimetabolites, irradiation or antibodies. 
25 "Subpopulation" means a subset of T cells as defined by a specific 

region. Specific superantigens interact with T cells e^ressing particular Vp 
elements. T cells e?q)ressing a particular Vp elements are known in the art as a T 
cell subpopulation. 
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The present invention is embodied in a method for the co- 
administration of a superantigen with one or more cytotoxic agents to modify the 
responsiveness of pathogenic subsets of T cells with minimal accompanying 
release of potentially toxic immune mediators in the prevention or treatment ot for 
5 example, autoinmiune diseases. In the method of the preferred embodiment 
St^hylococcal enterotoxin B (SEB), which engages Vp3, 12, 14, 15 and 17 ICRs 
that have been implicated in rheumatoid arthritis, is administered in conjunction 
with methotrexate and dexamethasone. Methotrexate is conmionly used in 
rheumatoid arthritis though its precise mechanism of action is unknown. It is 

10 demonstrated, in Example 3 and Fig. 6, in vitro methotrexate administration in 
combination with SEB prevents the generation of T cell blasts and leads to the 
disappearance of most Vp3, 12, 14 and 17 cells in human peripheral blood 
leukocytes (hPBLs). However, intcrleukin 2 (IL-2) as well as other cytokines are 
still produced. In order to reduce the production of IL-2 and tumor necrosis factor 

1 5 alpha (TNFa), an immunosuppressive agent, for example, dexametiiasone, is added 
to the regimen. 

Initially, intact SEB is used in the treatment of rheumatoid arthritis. 
Obviously, since this superantigen leads to the elimination of T cells in addition to 
Vp3, 12, 14, 15 and 17 cells (namely Vp20), it is preferable to narrow its 

20 specificity. A more significant concem is the possibility of even more limited TCR 
Vp involvement in rheumatoid arthritis. Kappler et al ((1992) J. Exp. Med. 
12^:387) have shown that certain mutations in SEB alter its specificity in mice. To 
enable the refinement of the specificity to include only requisite Vps, fiirlher 
investigations concerning these mutants versus human TCRs are necessary. 

25 The goal of the instant invention is tiie elimination of subsets of T 

cells which include pathogenic T cells, without unduly incapacitating the overall 
immune system or causing unacceptable toxicity. The dose of methotrexate is 
expected to be well tolerated by most subjects, particularly, as only a single dose 
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may be required. Preliminary experiments show methotrexate does not prevent the 
release of JL-2, Even thougji this and other cyt kines play a beneficial role in 
immune responses, dieir release in large quantities is potentially toxic. An exanq^le 
of this toxicity is that which occurs in Toxic Shock Syndrome. 
5 The therapeutic composition of the present invention is preferably 

administered parenterally by injection or by continuous infusion by an implanted 
pump. Also, other effective administration forms, for example, parenteral slow- 
release formulations, are also envisioned.. The preferred carrier is physiological 
saline solution, but it is contemplated that other pharmaceutically acceptable 
1 0 carriers may also be used. 

Regardless of the maimer of administration, the specific dose is 
calculated according to the approximate body weigjit of the patient. Further, the 
refinement of calculations necessary to determine &e appropriate dosage for 
treatment involving each of the formiilations is routinely made by those of 
15 ordinary skill in the art and is within the ambit of tasks routinely performed by 
them without undue experimentation. 

The following examples serve to explain and illustrate the present 
invention. Said examples are not to be construed as limiting of the invention in 
anyway. Various modifications are possible within the scope of the invention. 

20 

Example 1. Development of an In Vitro System t o Study Super antigen Effect on 
Human T cells 

Several points are demonstrated by the study of superantigen effects 
on human T cells. First, superantigens are active at extremely low levels. Next, 
25 flow cytometric analysis of superantigen stimulated human peripheral blood 
lymphocytes can be used to quantitate the effect on subsets of T cells. This 
analysis permits the selective examination of the cells which are stimulated, those 
cells which are imaffected, CD4* T cells, and examination of Vp defined 
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subpopulations of T cells. Finally, short term culture of human peripheral blood 
lymphocytes does not selectively effect Vp defined subpopulations of T cells, and 
thus, can be used to study superantigen mediated effects. 

5 Superantigen induced proli feration of human t)eripheral Mood IvmPhoCYtgS 

Superantigens induce human peripheral blood lymphocytes (hPBLs), 
containing both T cells and antigen presenting cells, to proliferate at very low 
concentrations. This stunulation requires the presence of antigen presenting cells 
bearing MHC class U molecules (e.g., monocytes, dendritic cells and macrophages) 

10 and is mediated tiurough the variable portion of the TCR p-chain. The amount of 
proliferation is quantitated by measuring the amount of tritiated (^H) thymidine 
incorporated into newly synthesized DNA following a three day stimulation. 

Venous blood is obtained from human subjects and the mononuclear 
cells (hPBLs) are isolated by centrifugation over ficol using standard techniques. 

15 10^ hPBLs are incubated m round bottom 96 well plates in a final volume of 100 
^1 of IMDM containing 10 % fetal calf serum and the indicated molar 
concentration of Staphylococcal enterotoxin B (Sigma, St Louis, MO) or toxic 
shock syndrome toxin (Toxin Technologies, Sarasota, FL) for three days in a 
humidified atmosphere of 10 % CO at 37** C. 

20 Cultures are then pulsed with 0.5 \iCi ^H-thymidine (Amersham, 

Arlington Heights, IL) and culture is continued for 16 hours. Next, Ae contents of 
each well are transferred to glass wool filters and unincorporated ^H-thymidine is 
washed away. In order to quantitate the amount of proliferation (CPM) in each 
culture, the amount of ^H-thymidine incorporated by the hPBLs, and thus, bound 

25 to the filters, is counted by standard liquid scintillation counting techniques; the 
results of which are shown in Fig. 1. It is shown that both SEB and TSST-1 are 
extremely potent, stimulating proliferation at concentrations below 10"*^ M. 
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Flow cytometric analysis 

While extremely sensitive, proliferation assays do not demonstrate 
that it is the T cells that are responding to the SAgs, nor do they allow the 
conclusion to be reached that the T cell sdmulation is Vp specific. For these 
5 purposes, hPBLs are stained with fluorochrome-conjugated monoclonal antibodies 
specific for various cell-sur&ce molecules and are examined by flow cytometiy. 

By using fiow cytometry, it is possible to distinguish a population of 
large cells, "blasts", resulting from siq)erantigen stimulation. Fig. 2 shows the lig^t 
scatter characteristics of hPBLs that have been cultured in vitro for three days. The 
10 Y axis shows the ability of the cells to scatter light in the forward direction. This 
ability directly correlates with the size of the cells. The X axis shows the ability 
of cells to scatter light at a 90° angle and correlates wi& the cells' granularity. 

Hiree populations of cells are distinguished on the basis of these two 
characteristics. Bitmap A is where the small resting B and T cells are found; 
1 5 bitm^ C represents the dead and dying cells; and bitmap B is where T cell blasts 
are found. In panel A there is no population of blast cells, however diere is a 
poorly defined population of cells to the right of B. These cells are shown, using 
monoclonal antibodies, to be primarily monocytes. Panel B shows the emergence 
of a large population of T cell blasts in region B following stimulation with SEB. 
20 Thus, using only the light scatter characteristics of hPBLs, it is possible to 
distinguish a separate blast population and a population of small resting T cells. 
By exanoining, separately, the blast population and the population of small resting 
T cells, it is possible to demonstrate that T cells e^ressing particular Vps are 
selectively enriched in the blast population and dq)leted fix>m the resting 
25 population. Because neither the resting cell population nor the blast population are 
completely pure and because CD4* T cells respond moderately better to 
superantigen stimulation, tw(>-color analysis using fluorochrome labeled antibodies 
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to CD4 and to specific Vps is routinely performed. Fig. 3 shows the results of such 
an analysis. 

Human peripheral blood lymphocytes are stimulated in vitro for 3 
days with 1 ng/ml of SEB (3.3 x 10 *^ M) and stained with phycoerythrin 
5 conjugated monoclonal antibody to CD4 (DAKO, Caipinteria, CA) and with FTTC 
conjugated monoclonal antibody to Vp3 (T Cell Diagnostics, Cambridge, MA) and 
analyzed on a Coulter flow cytometer. In Fig. 3, the panel on the left shows the 
light scatter profile of the resulting cells. Bitmaps A, B, and C encircle tiie 
populations of resting cells, proliferating cells (blasts), and dying cells respectively. 

10 The lower right panel shows an analysis of the resting cells. The CD4* cells fell 
in quadrants 1 and 2 while the Vp3 cells fall in quadrants 2 and 4. Thus, by 
dividing the number of cells in quadrant 2 by the combined total of cells in 
quadrants 1 and 2, it is possible to determine that Vp3 cells conqnise 4.1 % of the 
CD4* cells. Similarly, in the upper panel Vp3 cells are shown to con^rise 30.5 % 

15 of the blast cells. 

PgterminatiQn of Cell Vi^biHty 

In vitro assays of superantigen activity take several days. Tha:efore, 
a preliminary analysis to determine that culture alone will not lead to changes in 

20 Vp ejqjression by T cells is performed. hPBLs are cultured at 10*/ml for the 
number of days indicated in Fig. 4 and each aliquot analyzed by flow cytometry. 
Cell viability is determined by the number of cells per ml that fell in the A and B 
bitmaps described in Example 2 and for Vp3 (T Cell Diagnostics, Cambridge, MA) 
and phycoerythrin conjugated anti-CD4 (DAKO, Carpinteria,CA). Cell viability 

25 fells off immediately to about 65 % at day 1 through 3. Cell viability then drops 
to about 30 % by day 5, where it remains until day 9. To insure that tiiis cell death 
is random, the percent of Vp3 T cells among the resting CD4* T cells is examined. 
This percentage remains constant at about 8 % over the entire 9 day experiment. 
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Accordingly, this assay can be used to examine the effects of superantigens on 
human T cells in culture. 

Example 2. Superantigen Mediated Deletion of V B defined SubpoDulations of T 
5 cells 

Previous results (McCormick et al (1993) J. Immunol. 15fi:3785) 
show that repeated low doses of SEA lead to the deletion of murine Vp8 T cells 
without any demonstrable proliferation. Thus, the effects of dose in the present 
assay are examined fiist, showing that substimulatoxy doses of SEB have no effect 
10 on flie percent of Vp 3/CD4 cells in the population of resting T cells in human 
PBLs. 

An altonative approach is to subvert what is normally a stimulatory 
effect on T cells in order to induce the cells to suicide. Hiis is analogous to current 
therapy for autoimmune and neoplastic diseases that e>q}loit the rapid proliferation 

15 of pathogenic cells in order to render them more susceptible to toxic agents. In 
rheumatoid arthritis, for example, methotrexate (MTX) is a frequently used drug. 
High dose methotrexate works by inhibiting folate metabolism, and thus, DNA 
synthesis. The mechanism of low dose methotrexate, as used in rheumatoid 
arthritis, is unknown, but there is evidence to support that it may involve 

20 interference with adenosine metabolism (Kremer (1994) J. Rheumatol. 21: 1). 

The effect of methotrexate on the emergence of a population of T cell 
blasts following a 3 day in vitro culture of hPBLs in the presence of SEB is 
illustrated in Fig. 5. hPBLs are cultured at lO^/ml either alone, in die presence of 
1 ng^ml SEB, or in the presence of 1 ng/ml SEB + 0.1 ^g/ml methotrexate. Hie left 

25 and center panels in Fig. 5 reiterate the findings shown above in Fig. 3. That is, 
culture with SEB leads to the ^pearance in bitmap B of a distina population of 
blasts. The addition of methotrexate to this regimen neariy abolishes this blast 
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population (ri^t panel) while leading to the presence of more dead and dying cells 
in bitmap C. 

The use of SEB + MTX + dexamethasone to delete Vp defined 
subpopulations of T cells firora the resting T cells, while preventing the appearance 
5 ofT cell blasts and minimizing the pn)ductionofcytokines is shown in Fig. 6. The 
rationale for including dexamethasone -- as desoibed more fully in Example 3 — 
is to prevent cytokine release. Two-color flow cytometric analysis of hPBL was 
performed following in vitro culture under the following conditions: PBL alone, 
hPBL cultured at lOVml in IMDM plus 10% fetal bovine serum for 4 days; SEB 

10 alone, SEB added on day 1 at 1 ng/ml; and SEB+MTX+DEX, MTX (0.1 ^ig/ml) 
(Sigma, St Louis, MO) and DEX (100 Mg/ml) (Gensia (Elkins-Sinn), Irvine, CA) 
are added on day 0 and SEB (1 ng^ml) is added on day 1. On day 4 all cells are 
stained with anti-Vp2, 3, 12 and 17 and anti-CIM as described in Example 3. The 
results for PBLs from 2 subjects are shown in Fig. 6. In all cases the results are 

15 expressed as the percent of CD4* T cells which express a given Vp. Vp2 
expressing T cells are not stimulated by SEB and are included in tiie instant 
protocol as a control. 

In both subjects, it is seen that the percent of Vp2 restmg and total 
T cells actually increases slightly upon SEB stimiilation witib or without the 

20 addition of MTX and DEX. This is to be e?q)ected and reflects the loss from these 
populations of the SEB stimulated Vp3, 12, 14 and 17 T cells. Conversely, the 
percent of Vp3, 12 and 17 resting T cells decreases with SEB stimulation and SEB 
+ MTX + DEX stimulation. As expected, the percent of Vp3, 12 and 17 T cells is 
increased m the blast population, together accounting for 40-50 % of the total 

25 blasts. Less than 100 % is indicative of the fact that Vp 14, 15 and 20 expressing 
T cells arc also stimulated by SEB. The increase in the blast population, even in 
the presence of SEB + MTX + DEX, is atnie inoease; even thougji, there are veiy 
few blasts. The overall effect is best seen by comparing* th percent of T cells 
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expressing a given Vp in the unstimulated resting or total T cell population with 
that in the SEB + MTX + DEX stimulated total T cell population. Through the use 
of a now available monoclonal antibody specific for human Vp 14 T cells (AMAC, 
Westbrook, ME), it has been confirmed that Vpi4 T cells can also be deleted using 
5 this regimen of SEB + MTX + DEX (data not shown). 

A dose-response titration for the ability of MTX to prevent the 
appearance of T cell blasts in the presence of 1 ng/ml SEB is shown in Fig. 7. The 
ejqieriment is performed as described above by culturing hPBLs for 3 days in the 
presence of SEB and MTX and determining the number of T cell blasts per 10,000 

10 resting ceils by flow cytometry using light scatter profiles. The e?q)«iment is 
conducted either vsdthout (W/0) or with (W) dexamethasone (100 ftg/l) present 
It is seen that a dose of 0.1 ^g/ml of MTX ts sufticient to decrease die blasts to 
background levels, corresponding to a concentration of 2.2 x 10'^ M -- a 
concentration that compares with serum levels in rheumatoid arthritis patients 

1 5 following conventional low dose MTX therapy (Kremer et al. (1 986) Arthritis and 
Rheumatology 22:832). 

The use of MTX + DEX in combination witii a superantigen to 
achieve deletion of T cells is not unique to SEB, as shown in Fig. 8. The same 
analysis as described above is performed using TSST-1 (Toxin Technologies, 

20 Sarasota, FL), specifically deleting Vp2 T cells. 

Example 3. Inhibition of Superantigen Mediated Cytokine Release 

Because superantigens stimulate a much larg^ percentage of total T 
cells tiian do conventional antig^, they also stimulate tiie release of much larger 
25 amounts of cytokines. While these cytokines play an essential role in the response 
to conventional antigens, superantigens stimulate the release of toxic levels. 
Preliminary experiments demonstrate that althoug^i tiie addition of MTX prevents 
th accumulation of T cell blasts in response to sxq^erantigen stimulation, it does 
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not prevent cytokine release. Furthermore, DEX prevents cytokine release but is 
not very effective in preventing the accumulation of T cell blasts. Consequently, 
these two therapeutic agents are combined in the practice of the instant invention. 
Example 2 demonstrates that DEX does not interfere with the ability of MTX to 
5 delete superantigen activated T cells. The following protocol gives rise to data that 
demonstrate that dexamethasone inhibits superantigen mediated cytokine release 
in vitro and that prevents toxicity in an m vivo mouse model. 

Human peripheral blood leucocyte culture supematants are assayed 
at the times indicated in Fig. 9 for the presence of interleukin 2 (IL-2) and TNFo. 

10 One milliliter cultures of 10^ hPBLs are assayed. Where indicated, SEB 
(recombinantly-produced at Supragen, Lakewood, CO) is added at 1 ng/ml, MTX 
is added at 0.1 \ig/ml and DEX is added at 100 ^g/ml. 

IL-2 is measured by assaying culture supematants for the ability to 
promote the growth of the IL-2 dependent cell line HT-2 as described in Kappler 

15 et al ((1981) J. Exp. Med. 151:1 198). Briefly, 4000 HT-2 cells were added to 2- 
fold dilution's of culture supernatant m a 96 well plate with a final volume of 100 
|il of dumdum plus 10 % fetal bovine serum. Following overnight culture HT-2 
cell viability is assessed visually and then quantitated by the MTT assay (Mosmann 
(1983) J. Inununol. Meth. 65:55). The minimal amount of IL-2 required to 

20 maintain greater than 90 % survival of the HT-2 cells is 10 units. Leveb of TNFo 
(R&D Systems, Minneapolis, MN) are determined by ELISA following the 
manu&cturers instructions. 

Only supematants from cultures with SEB alone or SEB + MTX 
contain significant amounts of IL-2 or TNF as demonstrated in Fig. 9. In feet, the 

25 addition of DEX almost completely abolishes the production of these two 
cytokines. The concentration of DEX used, while hi^ can be achieved in vivo and 
because it need not be given chronically is e>q)ected to have acceptable toxicity. 
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An established animal model is used to examine the protective effects 
of DEX in vivo - that of d-galactosamine (d-Gal) enhanced superantigen toxicity 
murine model (Miethke et al (1992) J. Exp, Med. 175:91). Althougji the precise 
mechanism of the toxicity is not understood, it has been demonstrated using 
5 antibody to TNF that TOF is critical. Miethke et al (1993) Eur. J. Immunol. 
23:1494. B10.BR mice (Jackson Laboratories, Bar Harbor, ME) are injected with 
10 mg SEA, 30 mg d-galactosamine (Sigma, St Louis , MO) or a combination of 
both intramuscularly (I.M.) in phosphate buffered saline (PBS). Staphylococcal 
enterotoxin A (SEA) is used in this experiment due to its greater toxicity in mice 

1 0 than SEB. Concurrently, dexamediasone in PBS, is injected intraperitoneally (IJ*.). 
The animals are then examined at 16 and 24 hours for signs of toxicity, i.e., death. 
Fig. 10 shows that while neither SEA nor dGal alone are toxic, of the 19 mice that 
received both SEA and dGal, all 19 were dead by 16 hours. The administration of 
10 ng of DEX is sufiScient to protect 4 out of 4 mice from such toxicity. Moreover, 

15 the administration of 1 jig DEX gave partial protection. Only 2 of the 7 mice 
treated in this manner died during the course of the e?q)eriment Mice that survive 
the first 24 hours generally show no subsequent toxicity. 

Example 4. A System to Test the Method in Rhesus Macaques 
20 In order to test siq^erantigen mediated deletion of T cells in a primate 

model, e?qperiments in monkeys have begun. Fig. 11 shows a preliminary 
experiment using PBLs from a Rhesus Macaque (PBLs provided by Dr. Peter 
Didier, Tulane Regional Primate Center, Covington, LA). The e?q)eriment is 
carried out as desoibed for human PBLs. Briefly, monkey PBLs are isolated over 
25 ficol and put into culture at 10*^/ml in IMDM plus 10 % FCS for three days. Where 
indicated in the figure, SEB is added at 0.1 ng/ml and MTX at 0.1 |ig/ml. This 
preliminary experiment demonstrates several critical features. 
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First, it has been found that some commerciaDy available 
monoclonal antibodies to human Vp elements (anti-Vp3, T Cell Diagnostics, 
Cambridge, MA, and anti-Vp 17. AMAC, Westbook, ME) and to human CD4 
molecules (American Type Culture Collection (OKT4), Rockville, MD) cross-react 
5 on primate cells. More importantly, antibodies to primate TCR Vp elements 
homologous to human elements tiiat respond to SEB — namely Vp 3 and Vpi7 — 
cross-react with Rhesus T cells. Next, this analysb shows that, as expected, Vp3 
Rhesus cells are, indeed, stimulated by SEB. Finally, as is true for himian PBLs 
stimulated with SEB + MTX ,Vp3 cells are largely eliminated from the resting T 

10 cell population and T cell blasts are completely eliminated. Thus, the reagents are 
available to confirm the efficacy of the SEB + MTX + DEX regimen to delete T 
cells in a primate system. 

The foregomg description of the invention is exemplary for purposes 
of illustration and e3q)lanation. Without departing from the spirit and scope of this 

1 5 invention, one skilled in the art can make various changes and modifications to the 
invention to adapt it to various usages and conditions. As such, tiiese changes and 
modifications are properly, equitably, and intended to be within the fiill range of 
equivalence of the following claims. 
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TABLEI 



KNOWN SUPERANTIGEN SEQUENCES AND STRUCTURES 



Staphylococcus 


Staphylococcal 
enterotoxin A 


Huang et al (1987) J. Biol. Chem. 262:7006; 
Betley et al (1988) J. Bacteriol. 170:34 




Staphylococcal 
enterotoxin B 


Jones & Khan (1986) J. Bacteriol. lfifi:29; 
Huang & Nergdoll (1970) J. Biol. Chem. 
24S:3510; Hanelli et al (1985) Proc. Natl. 
Acad.Sci.S2:5850 




Staphylococcal 
enterotoxin CI 
andC3 


Schmidt & Spero (1983) J. Biol. Chem. 
25&:6300; Bohach & Schlievert (1987) Mol. 
Gen. Genet. 202:15; Couch & Betley (1989) J. 
Bacteriol. 121:4507 




Staphylococcal 
enterotoxin D 


Bayles&Iandolo (1988) J. Bacteriol. 111:4799 1 




Staphylococcal 
enterotoxin E 


Couch et al (1989) J. Bacteriol. 11:2954 


Toxic Shock 
Toxin 




Schlievert et al (1981) J. Infect Dis. 141:509; 
Blomster-Hautamaa et al (1986) J. Biol. Chem. | 
2^:15783; Bergdoll etal (1981) Lancet 1:1017 1 


Exfoliating 
Toxins 




Lee et al (1987) J. Bacteriol. 1^2:3904 | 


Staphylococcus 


Staphylococcal 
pyrogenic toxin 
C 


Goshom & Schlievert (1 988) Infect Immun. 1 
56:25 18; Tomal et al (1990) J. Exp. Med. 1 

JLZ2:359 


Mouse 
Mammary 
Tumor Virus 




Fasel et al (1982) EMBO J. 1:3; Donehowa: et 
al (1981) J. Virol. 21:226; Donehower etal 

(1983) J. Virol. Sl:941; Racavlakin & Prakaah 

(1984) J. Virol. 4i:604; Choi et al (1991) 
Nature 25fi:203; Acha-Ort>ea et al. (1991) 
Nature 253:207; Pullen et al (1992) J. Bxp, 
Med. 115:41; Moore et al (1987) J. of Virology 
61:400 1 
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WE CLAIM: 

1. A method for the treatment of patients suffering from diseases 

mediated by T cells having a limited Vp profile comprising coadministering to said 
patient a therapeutically effective amount of a superantigen or superantigen 
5 derivative and pharmacological agent or agents in a pharmaceuticaUy acceptable 
carrier, wherein said superantigen or siqjerantigen derivative specifically targets the 
pathogenic Vp ejcpressing T cells for subsequent inactivation or deletion by said 
pharmacological agent or agents. 

10 2. The method of claim 1, wherein said superantigen is a bacterial 

superantigen. 

3. The bacterial superantigen of claim 2, wherein said bacterial 
superantigen is a Staphylococcal enterotoxin or toxic shock syndrome toxin. 

15 

4. The bacterial superantigen of claim 2, wherein said bacterial 
superantigen is Staphylococcal enterotoxin B (SEB). 

5. The method of claim 1, wherein said superantigen derivative is a 
20 modified superantigen fragment. 

6. The method of claim 1, wherein said superantigen derivative is a 
mutated superantigen or mutated superantigen fragment. 



25 



7. The superantigen derivative of claim 5, wherein said superantigen 

derivative is a bacterial superantigen derivative. 
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8. The superantigen derivative of claim 6, wherein said superantigen 
derivative is a bacterial superantigen derivative. 

9. The bacterial superantigen derivative of claim 7, wherein said 
5 bacterial siq)erantigen derivative is a Staphylococcal enterotoxin derivative or toxic 

shock syndrome toxin derivative. 

10. The bacterial superantigen derivative of claim 8, wherem said 
bacteria] superantigen derivative is a Staphylococcal enterotoxin derivative, 

10 

11. The bacterial superantigen derivative of claim 7, wherein said 
bacterial superantigen is a St^hylococcal enterotoxin B (SEB) derivative. 

12. The bacterial superantigen derivative of claim 8, wherein said 
15 bacterial superantigen is a Staphylococcal enterotoxin B (SEB) derivative, 

1 3 . The method of claim 1 , wherein at least one of said pharmacological 
agents is a cytotoxic agent. 

20 14. The cytotoxic agent of claim 6, wherein said cytotoxic agent is 

mediotrexate. 

1 5. The method of claim 1, >^erein at least one of said pharmacological 

agents controls potential cytokine toxicity 

25 



16. The method of claim 8, wherein said pharmacological agent is an 

immimosuppressive. 
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17. The immunosuppressive agent of claim 9, wherein said 
immunosuppressive agent is a corticosteroid. 

18. The immunosuppressive agent of claim 9, wherein said 
5 immunosuppressive agent is dexamethasone. 

19. The method of claim 1, whorein at least cme subpopulation of T cells 
of said patient is deleted without activating said T cells to release toxic levels of 
cytokines. 
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